Cylinders of raw potato or agar were contacted with suspensions of Listeria innocua 8
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Introduction 33 34
The consumption of fresh ready-to-eat (RTE) salad vegetables and fruits has greatly 35 increased over the last two decades (Li et al., 2001 ). These minimally processed 36 foods are subject to contamination by a wide variety of microbial pathogens at every 37 stage of their cultivation, harvesting and subsequent processing for retail (Mayer-38 Miebach et al., 2003) . It is therefore not surprising that the growth in popularity of 39 these commodities has been accompanied by an increase in incidences of foodborne 40 diseases directly attributable to their consumption (De Roever, 1998) . 41
42
The traditional method of decontaminating fresh salad products has been to wash 43 them in chlorinated water. However, evidence has steadily been accumulating to show 44 that the efficacy of this type of treatment is limited and may, for certain types of 45 product e.g. sprouted shoots, be wholly inadequate (Gandhi and Matthews, 2003) . 46 (Kalmaz and Kalmaz, 1981 ) that have already resulted in its ban in certain countries.
As a first step towards this process, we present a novel and precise method of 75 estimating the effects of shear forces on the detachment of bacteria from solids. We 76 did this by generating a known shear force at the surface of the solid -itself in the 77 form of a cylinder -by causing it to rotate inside a slightly larger hollow cylinder 78 filled with a viscous liquid (glycerol). The velocity distribution generated in the 79 annular gap between the two cylinders is referred to as 'Couette flow'. This was 80 achieved in practice by using a commercial rheometer in which the rotational element 81 or 'rotor' was replaced by one made from materials of interest. These were agar, 82 chosen here to represent a model food compound (Midelet and Carpentier, 2004) , and 83 raw potato. These experiments were conducted using Listeria innocua and Pantoea 84 agglomerans. The former is widely regarded to be a surrogate for the pathogen L. 85 monocytogenes the causative agent of listeriosis (Perni et al., 2006) and frequently 86 associated with fresh produce (Beuchat, 1995) . P. agglomerans is a biofilm-forming 87 plant pathogen that is also known to colonise fresh produce (Brocklehurst et al., 88 1987 These studies were conducted using a rotational rheometer (Viscotester VT 550,  95 Haake GmbH, Karlsruhe, Germany) comprising a stainless steel cylindrical rotational 96 element or 'rotor' and a static element or 'cup'. We substituted the rotor supplied with 97 the rheometer by ones made either of raw potato or agar. In either case, the cylinders 98 and in such a way that when positioned in the cup, they were concentric with one 100 another and in alignment with the axis of the instrument. 101 102
Production of Potato and Agar Cores 103
A specially fabricated stainless steel prong comprising three hollow tines at one end 104 and a cylindrical shouldered shaft at the other was employed first. The shaft had been 105 machined in such a way as to enable it to be coupled directly to the motor drive of the 106 rheometer. The prong was pushed by hand into the flat surface of a potato prepared by 107 slicing through a potato with a knife (Figure 1a) . sharpened at one end and containing inside it a sliding internal guide, was then located 111 directly over the prong so that the guide fitted onto the shouldered cylindrical shaft 112 (Figure 1b) . The corer was forced into the potato until it had completely penetrated it, 113 at which point it was withdrawn yielding a cylinder which was cut to the requisite 114 length (60 mm) with a scalpel to yield the mounted core shown in Fig. 1c force acting at the surface of the core was over 4 times greater. There were no 245 significant differences between the number of cells detached at all three applied shear 246 stresses at 10, 20 and 30 sec. Cell counts at 5 sec at 1.3 Pa were significantly differentfrom those at 2.8 and 11.8. There were, however, no significant differences in the 248 number of cells shed at the latter two applied stresses. 249 250 251
The detachment profiles for P. agglomerans from potato (Figure 4b) show the rate at 252 2.8 Pa to be relatively low reaching a value of 9 % after 30 s. When the shear force 253 was increased to 11.8 Pa a peak detachment of 18 % was achieved at 20 s and this is 254 followed by a decline to a value (7 %) which is close to that achieved at 2. The procedures developed here enabled cores to be consistently produced within close 262 physical tolerances, and this coupled with the electronically controlled speed at which 263 the cores were rotated, meant that the shear forces at the surface were maintained 264 constant over time and were solely functions of the rotational speed. Moreover, these 265
were mathematically predictable with a high degree of precision. However, it was 266 necessary to account for the shear forces generated when an object is transferred 267 across an air-liquid interface as in our case inevitably occurred when the cores were 268 lowered into the glycerol. Meinders et al. (1992) have argued that these forces can be 269 significant and our results show that this action did indeed result in measurable 270 detachment. The shear forces that were generated at the surface of the potato and agar 271 as a result of rotation in glycerol were too low to cause deformation of the cores12 themselves as confirmed by measurements made by Alvarez and Canet (1998) The results presented here show that P. agglomerans required a greater force to 276 detach it from the surfaces of both potato and agar than did L. innocua. In the case of 277 potato this was not unexpected given that the P. agglomerans is not only a plant 278 pathogen, but a known biofilm former and therefore likely to be specially adapted to 279 colonize plant tissue. However, studies of the complex interactions that occur between 280 micro-organisms and plant tissues are primarily confined to the surfaces of leaves 281 (Frank, 2001) and no specific biochemical studies on the particular combination of P. primarily because of the viscosity of the glycerol, and it was not possible to obtain a 325 sample of annular fluid earlier than 5 sec. after rotation of the core was initiated. 326
Furthermore, the dimensions of the annulus between the rotor and the edge of the cup 327 was only 13 mm. Every effort was made to sample from the mid point of the annulus 328 but even this was rather imprecise. We believe that these difficulties can be overcome 329 and indeed, are in the process of designing and fabricating an improved device that 330 will feature automated sampling coupled to a fraction collector that will enable more 331 extensive studies to be performed including that of leafy produce such as lettuce. 
